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1 Abstract

LJltrasensitive accelerometers arc needed for micrc)gravity  measurement of orbital drag and acti ve isolation
systems. We have designed an accelerometer capable of rneasul  ing accelerations of the order of 10“8 g. A
tunneling tip sensor can be used as a position sensor with a potential perforlnance advantage of two orders
of magnitude over capacitive sensors. In this paper, we disclose our progress in the fabrication and
measurement of a bulk microaccelerometer  which employs a [u[, neling tip. Fully assembled
accelerometers consisting of four separate die have been fabricated. The device employs a unique folded
spring system with a low spring constant. To protect the tunneling tip, we have employed electrostatic
clamping. Stiction has not been observed, but the required clanlpirrg voltage is greater than expected. We
have clevelopcd  a sirnplc  model to analysiz.e  our results.

Background

Iiarly work on tunneling sensors has been performed by Kaiser, et al’. They have clcmonstrated  the
capabilities of a tunneling tip sensor for use in position measurements. Analysis of noise has been
presented. Tunneling tips have been applied to accelerometers and bolorneters’i.  T’he issue of tunneling
tip protection was approached by using a two cantilever system. While this architecture may provide
protection, the scheme requires additional elements to impleme]it  and the resonance and positioning of
two separate cantilevers must be consider.

We have approached the problem with an eye toward protcctin~  the tip only when necded”i. To
accomplish this we use the structure shown in figure 1. The cross-section shows an accelerometer that is
constructed from four die. The two die in the center are identical but inverted to form a proof mass and
spring system. l’he 0.2 gm proof mass is supported by a week spring systcrn with a spring constant of
approximately 2 rrcwtons/rncter.  The proof mass is onc square centimeter in area. Two other die
complete the structure. The upper die in the figure contains a tunneling tip, and four quadrature
electrostatic field plates. The tip itself is anisotropically etched in silicon ancl is designed to bc flush with
the surface of the wafer. The Iowcr  die contains a single electrc)de coverecl with a 1,OW Temperature
Oxidc(I.TO) Iaycr. It is used both for controlling and maintaining the position of the proof mass and for
electrostatically clamping the proof mass while not in USC. To create a surface indexed bond, channel are
anisotropically etched in both the tip and force plate die and borld metal is place in these locations only.

The electrostatic force is proportional to the square of the voltaf,e and the inverse square of the electrode
spacing. The cavity between the proof mass and the force plate is designed to about five microns and was
set by the requirements of the force feedback electronics used to constrain the ploof mass in it neutral
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position while operating, Interconnection of the electrodes fro]n one die to another is accomplished
during the eutectic  bonding operation. This allows access of all bond pads from one side of the assembled
structure.

In operation, there is no contact between the force plate and the proof mass. The application of an
electrostatic field between the proof mass and the force plate wi II accelerate the proof mass toward the
force plate. However, during transit periods, an electrostatic field is applied to the proof mass. A silicon
dioxide layer above the metallic force plate maintains a one half micron spacing between it and the proof
mass. With a DC voltage of onl y a few volts, a theoretical force equivalent to several hundred g’s can be
obtained, This force is sufficient to clamp the proof mass immobile during hancllirrg, shipping and lift-off.

Measurements of a clamped proof mass have shown that the ful I theoretical force is not achieved. This
has been attributed either to low frequency surface undulations common in che]nomechanica]ly polished
wafers or imperfections in the LTO insulating layer, Measuren]ents  of wafers surfaces reveal that a
surface height undulation of as much as one micron over a centimeter is common. To overcome this
problem, wafers must be carefully specified to the vendor.

Preliminary measurements of the accerometer in a capacitance sensing r(iodc have been conducted (Figure
2). The accelerometer is place on end. By tilting the acceleronlcter, the effective acceleration of the
proof-mass can be varied. A simple control circuit employing I)C force feedback was used, In Figure 2,
the required voltage to maintain the proof mass in its neutral position is plotted as a function of
acceleration.

Conclusion

New methods of producing surface indexed bonds and protecting a tunneling tip have been disclosed.
Measurements indicated that a force plate separated from the proof mass by a one half micron of silicon
dioxide can be effective in clamping the proof mass against accelerations as hi~h as a few hundred g’s
with only a few volts appliccl. In addition, the advantages of using an AC applied field in a force
feedback system are presented,
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